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(54) ALUMINUM OR ALUMINUM ALLOY SPUTTERING TARGET 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a high purity aluminum or aluminum alloy sputtering 
target small in the generation of particles. 

SOLUTION: In a high purity aluminum (alloy) sputtering target, particles at the time of 
sputtering are generated by the burst of inclusions, particularly, oxides in the target, 
furthermore, the resticking of the grains to the vicinity of pores opened by the burst occurs, 
and this restuck materials peel to cause particles. Then, the abundance of inclusions with >10 
urn average diameter appearing on the sputtering face of the target is regulated to <40 
pieces/cm2, and furthermore, the content of oxygen in the target is regulated to <150ppm. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The abundance of the inclusion with an average diameter of 10 micrometers or more which 
appears in the spatter side of this target in high grade aluminum or a high grade aluminium alloy 
sputtering target is 2 40 pieces/cm. The aluminum or the aluminium alloy sputtering target characterized 
by being the following and the oxygen content in this target being less than 15 ppm further. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] About high grade aluminum or a high grade aluminium alloy sputtering target, 
in case this invention forms a thin film by sputtering especially, it relates to high grade aluminum with 
little generating of particle, or a high grade aluminium alloy sputtering target. 
[0002] 

[Description of the Prior Art] A sputtering target is a usually disc-like plate used as the source of 
sputtering for forming the electrode of various semiconductor devices, the gate, wiring, a component, an 
insulator layer, a protective coat, etc. on a substrate by sputtering. When the accelerated particle collides 
with a target front face, it deposits on the substrate with which the atom which constitutes a target by 
exchange of momentum is emitted to space, and counters. As a sputtering target, aluminum and an 
aluminium alloy target, a refractory metal and an alloy (the alloy like W-Ti, such as W, Mo, Ti, Ta, Zr, 
and Nb) target, metal silicide targets (MoSiX, WSix, NiSix, etc.), a platinum metal target, etc. have been 
used typically. 

[0003] One of the important things also in such a target is the aluminum and the aluminium alloy target 
for aluminum wiring formation. The aluminum thin film is used also for the reflector of a compact disk 
or a magneto-optic disk again. 
[0004] 

[Problem(s) to be Solved by the Invention] Wiring width of face of a circuit is being made detailed with 
1 micrometer or less with high integration of LSI. Thus, the particle in the case of the thin film 
formation by sputtering has been a big problem as an open circuit of a circuit, or a cause of a short 
circuit. It adheres to the thin film on a substrate directly, or the particle which disperses from a target on 
the occasion of sputtering carries out clustering, exfoliates after adhesion / deposition on a perimeter 
wall or components, and "particle" adheres on a thin film, also in an aluminum (alloy) target, particle is 
decreased with quality improvement of the reflector of detailed-izing and the compact disk of aluminum 
wiring, or a magneto-optic disk - especially — the number of particle with a dimension of 0.5 
micrometers or more - 50 piece/cm2 To consider as the following is wished. 
[0005] Under such a situation, when this invention formed a thin film by sputtering, it made it the 
technical problem to offer high grade aluminum with little generating of particle, or a high grade 
aluminium alloy sputtering target. 
[0006] 

[Means for Solving the Problem] In order that this invention persons may solve the above troubles, as a 
result of trying hard wholeheartedly, the reattachment of a particle arose near the hole opened by 
generating when the inclusion in a target explodes, and burst, and the particle in the case of sputtering 
acquired knowledge that this reattachment object exfoliates and this also causes particle. Therefore, in 
order to decrease such particle, it can respond by reducing the inclusion in a target as much as possible. 
It is especially inclusion frequency with an average diameter of 10 micrometers or more 1cm 2 It 
became clear by considering as less than 40 hits that generating of particle could be lessened enough. 
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Moreover, it also became clear that it was what the inclusion leading to particle becomes mainly from an 
oxide, it assumed that all the oxygen in a target became the aluminum-oxide particle which is the 
diameter of 10 micrometers, and what the oxygen content in a target should be made less than 15 ppm 
also for was found out. 

[0007] For this invention, based on these knowledge, the abundance of the inclusion with an average 
diameter of 10 micrometers or more which appears in the spatter side of this target in high grade 
aluminum or a high grade aluminium alloy sputtering target is 2 40 pieces/cm. It is the following and the 
aluminum or the aluminium alloy sputtering target characterized by the oxygen content in this target 
being less than 1 5 ppm further is offered. 
[0008] 

[Function] The particle in the case of sputtering is generated when the inclusion in a target explodes. 
The reattachment of a particle arises near the hole furthermore opened by burst, this reattachment object 
exfoliates, and this also causes particle. It is inclusion frequency with an average diameter of 10 
micrometers or more 1cm 2 Generating of particle can be enough lessened by considering as less than 
40 hits. Moreover, since the inclusion leading to particle mainly consists of an oxide, the oxygen content 
in a target is set to less than 1 5 ppm. 
[0009] 

[Detailed Description of the Invention] The high grade aluminum used as a material of the sputtering 
target of this invention means aluminum 4Ns or more, and an aluminium alloy contains a kind or two 
sorts or more for elements, such as Si, Cu, Ti, germanium, Cr, Mo, etc. which are usually added as a 
sputtering target, 10 or less % of the weight to high grade aluminum. Moreover, as a raw material used 
for manufacture of the sputtering target of this invention, although a commercial high grade aluminum 
ingredient and the above-mentioned alloy addition component ingredient can be used, what reduced 
impurity contents which have a bad influence on an electron device etc., such as a radioactive element 
and alkali metal, as much as possible is desirable. 

[0010] A target dissolves and casts a raw material, it usually performs heat treatment and processing 
processing in order to make the material after casting suitable for the crystalline structure, particle size, 
etc., and it is produced by making the last target dimensions, such as discoid, after that. Quality, such as 
crystal orientation of a target, can be adjusted by combining plastic working, such as rolling and forging, 
and heat treatment appropriately. 

[001 1] Although inclusion is generated mainly in process of the dissolution of a raw material and 
casting and it is an oxide, a nitride, carbide, a hydride, a sulfide, silicide, etc., since it mainly consists of 
an oxide, the crucible used in case a target is manufactured, the gate, mold, etc. are good to use the thing 
of the ingredient made from graphite with reducibility, for example, a product. Moreover, before 
performing casting of the fused aluminum or the aluminium alloy, it is necessary to fully remove slags, 
such as an oxide which floats on the front face of the fused metal. The dissolution and casting are 
preferably performed in a vacuum among a non-oxidizing atmosphere. 

[0012] The particle in the case of sputtering is generated when the inclusion in a target explodes. The 
reattachment of a particle arises near the hole furthermore opened by burst, this reattachment object 
exfoliates, and this also causes particle. The average diameter is larger than 10 micrometers, especially 
inclusion frequency with an average diameter of 10 micrometers or more sets to the spatter side of a 
target, and the inclusion leading to [ of particle / main ] generating is 2 40 pieces/cm. If it becomes 
above, especially generating of particle will increase. Therefore, the number of the inclusion with an 
average diameter of 10 micrometers or more which appears in the spatter side of the manufactured 
aluminum or an aluminium alloy sputtering target is 2 40 pieces/cm. It is made to become the following. 

[0013] In addition, although the inclusion number which appears in the spatter side of a target is 
measured by microscope observation of the spatter side of a target etc., in the case of an alloy target etc., 
inclusion may necessarily be unable to grasp it clearly. In such a case, it can assume that all the oxygen 
in a target becomes an oxide, it can convert from the measured value of an oxygen content, and the 
number of inclusion can be presumed. When it is assumed that all the oxygen in a target becomes the 
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aluminum -oxide particle which is the diameter of 10 micrometers, the number of inclusion is 2 40 
pieces/cm. An oxygen content is set to less than 15 ppm in order to be the following. Therefore, it is 
necessary to set the oxygen content in a target to less than 15 ppm. Since inclusion mainly consists of an 
oxide, if an oxygen content increases, according to it, the inclusion in a target which mainly consists of 
an oxide will increase, and the yield of the particle at the time of being sputtering will increase. 
[0014] In this way, it is the number of particle with a dimension of 0.5 micrometers or more 50 
pieces/cm by this invention 2 It can consider as the following and can respond to a demand at a future 
aluminum (alloy) target. 
[0015] 
[Example] 

(Example 1) the inclusion number with an average diameter of 10 micrometers or more — 21 piece/cm2 
it is — the spatter membrane formation trial was performed using the high grade aluminum target whose 
oxygen content in a target is 8 ppm. The particle on a substrate was observed with the optical 
microscope, and the number was counted, consequently, the number of particle of 0.5 micrometers or 
more — 32 piece/cm2 it was . 

[0016] (Example 1 of a comparison) the inclusion number with an average diameter of 10 micrometers 
or more 82 piece/cm2 it is - the spatter membrane formation trial was performed using the high grade 
aluminum target whose oxygen content in a target is 30 ppm. The particle on a substrate was observed 
with the optical microscope, and the number was counted, consequently, the number of particle of 0.5 
micrometers or more — 160 piece/cm2 it was . 

[0017] (Example 2) the inclusion number with an average diameter of 10 micrometers or more —11 
piece/cm2 it is — the spatter membrane formation trial was performed using the aluminum-Cu0.5wt% 
alloy target whose oxygen content in a target is 4 ppm. The particle on a substrate was observed with the 
optical microscope, and the number was counted, consequently, the number of particle of 0.5 
micrometers or more — 18 piece/cm2 it was . 

[0018] (Example 2 of a comparison) the inclusion number with an average diameter of 10 micrometers 
or more - 63 piece/cm2 it is — the spatter membrane formation trial was performed using the aluminum- 
Cu0.5wt% alloy target whose oxygen content in a target is 23 ppm. The particle on a substrate was 
observed with the optical microscope, and the number was counted. Consequently, the 98 numbers /of 
particle of 0.5 micrometers or more were [ cm ] 2. 
[0019] 

[Effect of the Invention] By using the high grade aluminum or the high grade aluminium alloy target of 
this invention, particle generating in the case of sputtering can be reduced. Especially, it is the number of 
particle with a dimension of 0.5 micrometers or more 50 pieces/cm 2 It can consider as the following. 
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TECHNICAL FIELD 



[Industrial Application] About high grade aluminum or a high grade aluminium alloy sputtering target, 
in case this invention forms a thin film by sputtering especially, it relates to high grade aluminum with 
little generating of particle, or a high grade aluminium alloy sputtering target. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
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PRIOR ART 



[Description of the Prior Art] A sputtering target is a usually disc-like plate used as the source of 
sputtering for forming the electrode of various semiconductor devices, the gate, wiring, a component, an 
insulator layer, a protective coat, etc. on a substrate by sputtering. When the accelerated particle collides 
with a target front face, it deposits on the substrate with which the atom which constitutes a target by 
exchange of momentum is emitted to space, and counters. As a sputtering target, aluminum and an 
aluminium alloy target, a refractory metal and an alloy (the alloy like W-Ti, such as W, Mo, Ti, Ta, Zr, 
and Nb) target, metal silicide targets (MoSiX, WSix, NiSix, etc.), a platinum metal target, etc. have been 
used typically. 

[0003] One of the important things also in such a target is the aluminum and the aluminium alloy target 
for aluminum wiring formation. The aluminum thin film is used also for the reflector of a compact disk 
or a magneto-optic disk again. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] By using the high grade aluminum or the high grade aluminium alloy target of 
this invention, particle generating in the case of sputtering can be reduced. Especially, it is the number of 
particle with a dimension of 0.5 micrometers or more 50 pieces/cm 2 It can consider as the following. 



[Translation done.] 



g eg b 



eb eg e e 



* NOTICES * 



Page 1 of 1 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] Wiring width of face of a circuit is being made detailed with 
1 micrometer or less with high integration of LSI. Thus, the particle in the case of the thin film 
formation by sputtering has been a big problem as an open circuit of a circuit, or a cause of a short 
circuit. It adheres to the thin film on a substrate directly, or the particle which disperses from a target on 
the occasion of sputtering carries out clustering, exfoliates after adhesion / deposition on a perimeter 
wall or components, and "particle" adheres on a thin film, also in an aluminum (alloy) target, particle is 
decreased with quality improvement of the reflector of detailed-izing and the compact disk of aluminum 
wiring, or a magneto-optic disk — especially — the number of particle with a dimension of 0.5 
micrometers or more — 50 piece/cm2 To consider as the following is wished. 
[0005] Under such a situation, when this invention formed a thin film by sputtering, it made it the 
technical problem to offer high grade aluminum with little generating of particle, or a high grade 
aluminium alloy sputtering target. 
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MEANS 

[Means for Solving the Problem] In order that this invention persons may solve the above troubles, as a 
result of trying hard wholeheartedly, the reattachment of a particle arose near the hole opened by 
generating when the inclusion in a target explodes, and burst, and the particle in the case of sputtering 
acquired knowledge that this reattachment object exfoliates and this also causes particle. Therefore, in 
order to decrease such particle, it can respond by reducing the inclusion in a target as much as possible. 
It is especially inclusion frequency with an average diameter of 10 micrometers or more 1cm 2 It 
became clear by considering as less than 40 hits that generating of particle could be lessened enough. 
Moreover, it also became clear that it was what the inclusion leading to particle becomes mainly from an 
oxide, it assumed that all the oxygen in a target became the aluminum-oxide particle which is the 
diameter of 10 micrometers, and what the oxygen content in a target should be made less than 1 5 ppm 
also for was found out. 

[0007] For this invention, based on these knowledge, the abundance of the inclusion with an average 
diameter of 10 micrometers or more which appears in the spatter side of this target in high grade 
aluminum or a high grade aluminium alloy sputtering target is 2 40 pieces/cm. It is the following and the 
aluminum or the aluminium alloy sputtering target characterized by the oxygen content in this target 
being less than 15 ppm further is offered. 

[Translation done.] 
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OPERATION 



[Function] The particle in the case of sputtering is generated when the inclusion in a target explodes. 
The reattachment of a particle arises near the hole furthermore opened by burst, this reattachment object 
exfoliates, and this also causes particle. It is inclusion frequency with an average diameter of 10 
micrometers or more 1cm 2 Generating of particle can be enough lessened by considering as less than 
40 hits. Moreover, since the inclusion leading to particle mainly consists of an oxide, the oxygen content 
in a target is set to less than 15 ppm. 
[0009] 

[Detailed Description of the Invention] The high grade aluminum used as a material of the sputtering 
target of this invention means aluminum 4Ns or more, and an aluminium alloy contains a kind or two 
sorts or more for elements, such as Si, Cu, Ti, germanium, Cr, Mo, etc. which are usually added as a 
sputtering target, 10 or less % of the weight to high grade aluminum. Moreover, as a raw material used 
for manufacture of the sputtering target of this invention, although a commercial high grade aluminum 
ingredient and the above-mentioned alloy addition component ingredient can be used, what reduced 
impurity contents which have a bad influence on an electron device etc., such as a radioactive element 
and alkali metal, as much as possible is desirable. 

[0010] A target dissolves and casts a raw material, it usually performs heat treatment and processing 
processing in order to make the material after casting suitable for the crystalline structure, particle size, 
etc., and it is produced by making the last target dimensions, such as discoid, after that. Quality, such as 
crystal orientation of a target, can be adjusted by combining plastic working, such as rolling and forging, 
and heat treatment appropriately. 

[001 1] Although inclusion is generated mainly in process of the dissolution of a raw material and 
casting and it is an oxide, a nitride, carbide, a hydride, a sulfide, silicide, etc., since it mainly consists of 
an oxide, the crucible used in case a target is manufactured, the gate, mold, etc. are good to use the thing 
of the ingredient made from graphite with reducibility, for example, a product. Moreover, before 
performing casting of the fused aluminum or the aluminium alloy, it is necessary to fully remove slags, 
such as an oxide which floats on the front face of the fused metal. The dissolution and casting are 
preferably performed in a vacuum among a non-oxidizing atmosphere. 

[0012] The particle in the case of sputtering is generated when the inclusion in a target explodes. The 
reattachment of a particle arises near the hole furthermore opened by burst, this reattachment object 
exfoliates, and this also causes particle. The average diameter is larger than 10 micrometers, especially 
inclusion frequency with an average diameter of 10 micrometers or more sets to the spatter side of a 
target, and the inclusion leading to [ of particle / main ] generating is 2 40 pieces/cm. If it becomes 
above, especially generating of particle will increase. Therefore, the number of the inclusion with an 
average diameter of 10 micrometers or more which appears in the spatter side of the manufactured 
aluminum or an aluminium alloy sputtering target is 2 40 pieces/cm. It is made to become the following. 

[0013] In addition, although the inclusion number which appears in the spatter side of a target is 
measured by microscope observation of the spatter side of a target etc., in the case of an alloy target etc., 
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inclusion may necessarily be unable to grasp it clearly. In such a case, it can assume that all the oxygen 
in a target becomes an oxide, it can convert from the measured value of an oxygen content, and the 
number of inclusion can be presumed. When it is assumed that all the oxygen in a target becomes the 
aluminum-oxide particle which is the diameter of 10 micrometers, the number of inclusion is 2 40 
pieces/cm. An oxygen content is set to less than 15 ppm in order to be the following. Therefore, it is 
necessary to set the oxygen content in a target to less than 15 ppm. Since inclusion mainly consists of an 
oxide, if an oxygen content increases, according to it, the inclusion in a target which mainly consists of 
an oxide will increase, and the yield of the particle at the time of being sputtering will increase. 
[0014] In this way, it is the number of particle with a dimension of 0.5 micrometers or more 50 
pieces/cm by this invention 2 It can consider as the following and can respond to a demand at a future 
aluminum (alloy) target 

[Translation done.] 
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EXAMPLE 
[Example] 

(Example 1) the inclusion number with an average diameter of 10 micrometers or more — 21 piece/cm2 
it is — the spatter membrane formation trial was performed using the high grade aluminum target whose 
oxygen content in a target is 8 ppm. The particle on a substrate was observed with the optical 
microscope, and the number was counted, consequently, the number of particle of 0.5 micrometers or 
more - 32 piece/cm2 it was . 

[0016] (Example 1 of a comparison) the inclusion number with an average diameter of 10 micrometers 
or more — 82 piece/cm2 it is — the spatter membrane formation trial was performed using the high grade 
aluminum target whose oxygen content in a target is 30 ppm. The particle on a substrate was observed 
with the optical microscope, and the number was counted, consequently, the number of particle of 0.5 
micrometers or more — 160 piece/cm2 it was . 

[0017] (Example 2) the inclusion number with an average diameter of 10 micrometers or more - 1 1 
piece/cm2 it is - the spatter membrane formation trial was performed using the aluminum-Cu0.5wt% 
alloy target whose oxygen content in a target is 4 ppm. The particle on a substrate was observed with the 
optical microscope, and the number was counted, consequently, the number of particle of 0.5 
micrometers or more —18 piece/cm2 it was . 

[0018] (Example 2 of a comparison) the inclusion number with an average diameter of 10 micrometers 
or more - 63 piece/cm2 it is - the spatter membrane formation trial was performed using the aluminum- 
Cu0.5wt% alloy target whose oxygen content in a target is 23 ppm. The particle on a substrate was 
observed with the optical microscope, and the number was counted. Consequently, the 98 numbers /of 
particle of 0.5 micrometers or more were [ cm ] 2. 

[Translation done.] 
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